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Abstract  
 
Port investment decisions are mainly related to productivity 
improvement strategies or capacity expansion leading to higher capacity 
utilization and financial performance. The authors propose an investment 
decision-making process for future port infrastructure investments taking 
into account various uncertainties, which can impact the return of the 
investment over the project’s useful life.  
The methodology has been applied on the expansion evaluation of 
warehousing facilities in a multipurpose port. For the evaluation of the 
alternatives, the expected net present value (ENPV) is based on earnings 
before interest, tax, depreciation and amortization (EBITDA). Results 
show that the investment strategy for a new 4-level warehouse with a 
flexible option was the optimal choice when compared with strategies of 
similar scale. However, depending on the emphasis placed on the various 
investment metrics the optimal investment strategy seems to be closer to a 
non-flexible 5-level warehouse.  
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I. Introduction  
 
A port system is a collection of components bridging land and sea that 
work together to handle the cargo, which arrives sea-side by vessel at 
anchorage, is transferred land-side to the port terminal at the port’s berths, 
and is eventually transported by intermodal links (e.g. road or rail 
networks) to the population located in the hinterland demanding the goods. 
As economies develop and trade routes change, a port system’s capacity 
may need to expand to accommodate future cargo volume demand. 
However, investment in port infrastructure requires large amounts of 
capital and these investment decisions must be made when facing various 
uncertainties over the long life of these assets.  
The main motive behind this present research is to address a gap in the 
maritime literature, which relates to the evaluation of port investment 
projects. As presented in the literature review section, the majority of the 
works that were identified use traditional financial tools or are associated 
with efforts that provide information on the type of investments that have 
taken place in a maritime market or sector.  
The aim of the research is to present an applied framework for 
prioritizing investment decisions by applying and modifying an existing 
methodology for assessing investment strategies under uncertainty. The 
framework consist of two process; (i) a methodology for measuring a port 
system’s capacity, developed by Lagoudis and Rice and (ii) a methodology 
for evaluating different investment strategies under multiple scenarios 
developed by de Neufville and Scholtes1). The former framework enables 
the identification of the bottlenecks in the port system and the latter assists 
in the evaluation of the needed investments given the bottlenecks2). In the 
present work, emphasis is given on the elaboration and application of the 
investment evaluation techniques as the focus of the paper is on 
investment decision-making once a capacity bottleneck is identified. The 
reader can refer to studies of Lagoudis and Rice, and Salminen in order to 
follow the bottleneck identification process, which is composed of the first 
two steps of the methodology3).  
For this purpose, a case study port located in Southeast Asia is used, 
GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG
1) Lagoudis and Rice(2011), de Neufville and Scholtes(2011) 
2) Salminen(2013) 
3) Lagoudis and Rice(2011); Salminen(2013) 
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which is a critical intersection for international shipping traffic. Note the 
identity of the case study port remains confidential at the request of the 
port’s management, however the port’s multipurpose functionality – and 
not necessarily its location – is what is of primary value when selecting the 
case study port.  
Among the different bottlenecks that have been identified via the 
application of the first step - the capacity framework analysis4) - the 
vertical expansion of the port’s warehouse facilities is the one that has 
been considered to be of primary investment interest. Thus, emphasis here 
is given on the presentation of the investment evaluation method deveoped 
by de Neufville and Scholtes followed by the detailed presentation of the 
results5).  
The paper starts with a literature review on the available studies on port 
investment tools and methods, followed by a detailed presentation of the 
decision making methodology that is used for the purposes of this analysis. 
The results of the case study are presented next and finally conclusions are 
discussed.  
 
 
II. Literature Review 
 
Shipping investment appraisal techniques using discounted cash flow 
methods have been used by Evans6). His focus is on the evaluation of 
vessel projects mainly using traditional financial tools. Similar type of 
work where more focus is given in decision-making flexibility has been 
undertaken by Bendall and Stent7). They have shifted from the traditional 
Discounted Cash Flow method for ship evaluations to a real options 
methodology in order to explore the possibility of following a flexible 
investment strategy in the number of container vessels that need to the 
introduced in a specific liner service. Furthering their work in the spirit of 
adopting flexible shipping strategies, they used real options analysis to 
derive the present value of a flexible strategy8). According to their results 
the higher the risk present, the greater will be the value of the real options. 
GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG
4) Lagoudis and Rice(2011) 
5) de Neufville and Scholtes(2011) 
6) Evans(1984) 
7) Bendall and Stent(2005) 
8) Bendall and Stent(2007) 
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Thus, the larger the shipowner’s portfolio of options from which to choose, 
the greater will be the valuation of the project. Real options give the 
shipowner the flexibility to exchange one risky income stream associated 
with one strategy for that of another. The analysis shows that if managers 
have the flexibility of more than one embedded option then the project will 
have greater value than if the there was no choice or if it was limited to a 
single strategy.  
In the case of ports, Liang and Wanhill are among the earliest works on 
the subject9). They first explored the problem of who gains from port 
investments, taking the discussion at a macro and micro level by exploring 
if there are benefits among the shippers, carriers and the country that has 
made this investment. The latter furthered this work focusing more on the 
benefits gained from the users. He concluded that such port investments 
work to the benefit of the shipowners mainly due to cost saving stemming 
from a reduction in congestion and turnaround time in the case of 
efficiency improvements which relate to productivity issues, and a 
reduction in congestion when infrastructure improvements are made, 
permitting the use of larger vessels.  
Frankel elaborated in his work on the basic concepts of project 
appraisal under risk and the effects of uncertainties on measures of project 
performance such as net present value or internal rate of return10). Similarly, 
Hawkins puts forward some practical advice on port investment via the 
presentation of six appraisals methods: financial costing, economic costing, 
cost-benefit analysis, port impact analysis, cross impact analysis and 
dynamic port modeling11). According to his results, the method or 
combination of methods that should be used by port managers in order to 
achieve higher competition leverage depends on the nature of the problem. 
Along similar lines is the work of Garcia-Alonso and Martin-Bofarull who 
analyzed the extent to which investment expenditure has led to 
improvements in efficiency and how far this improved efficiency has 
increased the port's ability to attract traffic using the DEA method on 
Spanish ports12). The DEA method has also been applied in major Asian 
ports for capacity investment and cost efficiency evaluations13).  
GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG
9) Liang(1997); Wanhill(1978) 
10) Frankel(1989) 
11) Hawkins(1991) 
12) Garcia-Alonso and Martin-Bofarull(2007) 
13) Low(2010) 
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Port investment related works aim at identifying the factors that make 
such investments attractive14). The former paper elucidates the 
characteristics of investments in infrastructure in general, with the aim to 
clarify the hesitation of private investors. Focusing on container terminals 
the authors concluded that the specific market has several features (such as 
imperfect competition), which lead to a lower risk for private parties thus 
public-private partnerships occur rather often and seem to be attractive. 
The issue of private and/or public involvement on port investments and the 
impact on the competitiveness of a port using traditional financial tools for 
his evaluations such as Net Present Value (NPV) are also discussed 
previously15). In regard to container terminals, the work of Pawlik et al. 
examined the trade-off between short-term gains derived from divesting 
terminal activities and long-term value creation of these activities for 
shipping line operations16). Comparisons between carriers with terminal 
investments and maritime terminal operators are made with the use of 
risk-adjusted performance measures. 
Finally, a much different approach on port planning decision-making is 
followed by Koh, who has used a number of tools in his approach17). A 
heuristic algorithm is developed for evaluating alternative investment 
plans, which is based on NPV evaluations. In addition dynamic and linear 
programming methods are applied to tackle the problem of optimum 
container port capacity and the problem of optimal allocation of inland 
container traffic movements, respectively. Similar works employed 
quantitative tools used for assessing port investment decisions18). Fuzzy 
integer programing, Markov theory modeling and simulation tools are 
used respectively. 
The present work aims at addressing the gap of port infrastucture 
evaluations via elaborating on the risk factors and introducing flexibility in 
the decision-making process. Thus, this work focuses on the financial 
impact of additional port infrastructure investment using an existing 
methodology developed by de Neufville and Scholtes19). 
 
GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG
14) Wiegmans et al (2002); Ho and Ho(2006) 
15) Meersman(2005) 
16) Pawlik et al.(2011) 
17) Koh(2001) 
18) Demirci(2003); Allahviranloo and Afandizadeh(2008); Lagoudis and Platis(2009) 
19) de Neufville and Scholtes(2011) 
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III. Methodology 
 
The methodology by de Neufville and Scholtes is useful as it provides a 
framework to evaluate infrastructure investment decisions, which require 
large capital outlays for long-lived assets while facing various 
uncertainties that may have both short-term and long-term impacts on the 
return of the investment20).  Due to the various uncertainties an 
investment may face, the methodology argues that an investment should be 
designed for a range of potential demand, instead of an average demand21). 
In addition, it highlights how an investment with design flexibility 
provides greater value than an investment designed without flexibility and 
also it uses cumulative distribution curves and value-at-risk (VaR) 
probabilities to clearly present the expected net present value (ENPV) of 
an investment strategy faced with numerous uncertainties. Here, the ENPV 
is of the earnings before interest, tax, depreciation and amortization 
(EBITDA) and represents the average of the NPV results generated by a 
Monte Carlo simulation in the model. 
This present work evaluates the future profitability of the terminals and 
warehouse and the potential investment strategies by utilizing the first 
three of the four phases of de Neufville and Scholtes’s (2011) methodology. 
Accordingly, the process involves: 
a. Phase 1: Assessment of future uncertainties 
b. Phase 2: Identification of potential investment strategies 
c. Phase 3: Evaluation of these selected investment strategies 
 
1. Phase 1: Assessment of Future Uncertainties 
G
The first step of the methodology is to determine the future 
uncertainties that will impact the performance of the port components. By 
establishing the important factors that may impact performance, such as 
relevant trends and “trend-breakers”22), an appropriate range of a port’s 
future performance can be forecasted for the analysis of the investment 
strategies. Trends refer to the historical pattern of performance that may 
shape future results. Trend-breakers are sudden, unexpected changes that 
GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG
20) Lin(2008), p.22. 
21) de Neufville and Scholtes(2011), p.16. 
22) de Neufville and Scholtes(2011), p.77. 
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may drastically influence future performance. Based on trends and 
trend-breakers, the most likely scenarios to impact the future performance 
of the port were determined for the analysis. The determination of the 
historical trend is first described, followed by an examination of the most 
likely trend-breakers. 
 
1.1. Trends 
A port’s performance is driven by demand, manifested at the port as 
cargo throughput, which can by attributed to the general performance of 
the macroeconomy23). In the present work, the forecasted distribution of 
future cargo throughput is estimated by three different methods based on a 
random selection from a normal distribution using an average historical 
growth rate and standard deviation of the historical throughput data: 
i. Mean Reversion Average Growth method: This method is a mean 
reversion to an underlying projected trend based on an average 
growth rate of the historical throughput data. This method is the 
preferred method for forecasting the range of cargo throughput in 
the analysis. The mean reversion dampening factor used in this 
work is 0.4, where 0 results in no mean reversion and 1 results in 
complete mean reversion annually. The underlying trend is based 
on the average historical throughput growth. The Excel function 
chosen for representing the normal distribution is 
 
= NORM.INV ( RAND(), Average, Standard Deviation) 
 
where the RAND() function generates a random number between 0 
and 1. The averages and standard deviations of the throughput 
growth rates at each of the case study port’s terminals are as per 
Table 1. The figures are based on the terminals’ historical data sets 
and are used in the Excel formula representing normal distribution. 
ii. Random Walk method: This method is a path around an underlying 
projected trend based on an average growth rate of the historical 
throughput data. The stochastical analysis assumes no mean 
reversion, allowing for each year’s forecasted growth to begin 
from the previous year’s throughput level without any influence 
GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG
23) Stopford(1997), p.228. 
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from the underlying trend, other than the normal distribution 
parameters. 
 
<Table 1> Averages and standard deviations for the annual throughput growth at each 
of the case study port’s terminals 
Terminal Type Average Standard Deviation 
Container Terminal 2.3% 5.7% 
Liquid Bulk Terminal 2.0% 12.5% 
Break Bulk Terminal 2.9% 19.4% 
Dry Bulk Terminal 1.0% 6.4% 
Historical data period (2003-2012) except for container terminal data (2003-2011) 
Source: Authors 
 
The ineffectual underlying trend is based on the average 
throughput growth of the historical data set. The average and 
standard deviations stated in Table 1 are used in same Excel 
inverse normal distribution formula as in the previous method.    
iii. Mean Reversion Exponential Smoothing method: This method is a 
mean reversion to an underlying projected trend based on Holt’s 
simple exponential smoothing of the historical throughput data 
using the initial year for initialization24). Due to the limited number 
of data points in the historical data set, the paper examines the use 
of Holt’s simple exponential smoothing technique for establishing 
the smoothing constants for a level (a) and trend (c) to forecast the 
underlying throughput trend (H is the error term)24. The underlying 
model is based on the following equation: 
Xt = a + ct + Ht,  where, Xt is the current year’s throughput  
 
The first year in historical data set is used for initialization. A 
variable (D), ranging from 0 to 1, controls the influence the 
previous year’s throughput figure has on the next year’s forecasted 
throughput figure. A variable (E), ranging from 0 to 1, controls the 
steepness of the trend.   
Xt,t+W = ât + Wƙt, where 
      ât = DXt + (1 - D)(ât-1 + ƙt-1); and, 
      ƙt = E(ât – ât-1) + (1 - E)ƙt-1 
 
GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG
24) Silver, Pyke and Peterson(1998), p.93. 
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In the above equations, â represents next year’s level, and ƙ 
represents next year’s trend. The D and E listed in Table 2 for the 
smoothing calculations to forecast each terminal’s throughput is 
determined by the authors to provide a reasonable forecast, 
characterized by: 
x An acceptable mean absolute percentage error (MAPE) 
around 30% or less;  
x Mean deviation (MD) to mean absolute deviation (MAD) 
ratio close to 1; and,  
x Coefficient of variation (CoV) below or near 1. 
 
<Table 2> Inputs and statistical metrics for Holt’s simple exponential smoothing of 
port components’ historical data 
 Container Liquid Bulk Break Bulk Dry Bulk Warehouse 
Į 0.10 0.50 0.10 0.10 0.10 
ȕ 0.15 0.10 0.05 0.10 0.10 
      
MD 304,640 683,400 713,129 304,640 13,605 
MAD 311,192 4,123,116 1,581,615 311,192 35,825 
RMSE 125,981 1,539,902 574,478 125,981 12,744 
MPE 12% 1% 6% 12% 5% 
MAPE 12% 13% 32% 12% 22% 
      
MD/MAD 98% 17% 45% 98% 38% 
CoV 41% 225% 81% 41% 94% 
RMSE: Root Mean Squared Error and MPE: Mean Percentage Error 
Source: Authors 
 
1.2. Trend – Breakers  
Two main trend-breakers are selected for the purposes of this analysis:   
i. The development of Country X into a regional hub of products and 
services over the next decade.  
Major industrial development projects are either underway or 
planned for the near-future in Country X to achieve the current 
government’s objective of transforming the region into a regional 
hub. In regard to the regional hub trend-breaker, the following 
assumptions are used in the analysis: 
x A 2.5% rise in container volume over 2015-20 applied 
pro-rata; 
x A 10.0% rise in liquid bulk volume over 2014-20 applied 
pro-rata; and, 
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x A 5.0% rise in dry and break bulk volume over 2014-20 
applied pro-rata; and, 
ii. The outcome of a recurring political event every five years.  
On the national stage, there is a regular political event that takes 
places approximately every five years beginning with 2013 in the 
model. The outcome of the political event may have an impact on 
the nation’s business environment and the completion success of 
planned development projects, such as the initiative to transform 
Country X into a regional hub. Due to the influence of these 
periodic political events on the country’s economy and 
development, the outcome – either A or B – is considered to be a 
trend-breaker. Outcome A assumes that Country X’s economy 
performs along the projected trend and developments proceed as 
scheduled. Outcome B assumes the national economy 
underperforms and that development plans are repealed. In regard 
to the recurring political event trend-breaker, assumptions are used 
in the analysis reflecting the probability of the outcome and the 
impact on throughput growth and rates. 
 
1.3. The Simulation Model 
Finally, the existing methodology stresses the development of a 
dynamic model to conduct the evaluation of the investment strategies. An 
Excel spreadsheet model was utilized for this work and described in the 
following section.  
An Excel spreadsheet model was used in this paper and is a 
modification of the previously mentioned spreadsheet model for the 
parking garage case example25). The purpose of the model is to generate 
forecasted throughput based on future uncertainties and then provide a 
range of profitability for both investment strategies and port components 
for comparison and ranking against one another. The model utilized a 
Monte Carlo simulation, running 2,000 simulations.  
The profitability of the port was then compared under various 
investment strategies focused on the vertical construction of the warehouse 
in this paper. The investment strategies evaluated here are the port in its 
current state (i.e, as is), the port with a new warehouse built without 
GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG
25) de Neufville et al.(2006) 
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flexibility, and the port with a new warehouse built with flexibility. The 
details of the simulation algorithm are presented in Salminen26). 
 
2. Phase 2: Identification of Potential Investment Strategies 
G
Having defined the universe of uncertainties as step one, the existing 
methodology’s next step was to identify potential investment strategies, 
including those strategies that may have flexible options. According to de 
Neufville and Scholtes potential investment strategies should be developed 
in a timely manner through the use of screening models. A screening 
model is defined as a “simple, understandable representation of the 
performance of the system or project under development” to choose the 
best strategies from numerous potential investment strategies.  
The identification of potential investment strategies was conducted 
using the capacity measurement methodology developed by Lagoudis and 
Rice, which was applied at each port component to determine where 
bottlenecks exist within the port system27). A simulator was then used, via 
the Excel spreadsheet model, to confirm these bottlenecks and identify the 
investment strategies that may be the most profitable for the port.  
 
3. Phase 3: Evaluation of These Selected Investment Strategies 
 
The methodology uses a visual presentation that clearly displays a 
range of profitability for each of the selected investment strategies. The 
recommended visual presentation is used in this work.  The visual 
presentation utilizes cumulative distribution curves to display the NPV of 
an investment strategy’s EBITDA, i.e., the target, (along the x-axis) and 
the probability of missing the target (along the y-axis) in graphical form. 
The cumulative distribution curves can be thought in similar terms as 
value-at-risk curves found in the finance industry. For the purpose of this 
paper, value-at-risk refers to the the range of NPV EBITDA an investment 
will deliver for a specified probability. For example, a 10% VaR (i.e., P10) 
for the container terminal in Figure 1 below indicates that for a sample of 
2,000 Monte Carlo simulations the container terminal terminal would be 
expected to deliver a NPV EBITDA ranging from its minimum value, 
GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG
26) Salminen(2013) 
27) Lagoudis and Rice(2010) 
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USD 1,546 mill. to USD 1,757 mill. in 10% of occurances.  Similarly, a 
90% VaR (i.e., P90) for the container terminal indicates that in a sample of 
2,000 Monte Carlo simulations the container terminal would be expected 
to generate a NPV EBITDA ranging from USD 1,969 mill. to its 
maximum USD 2,092 mill. in 10% of occurances. The graph is 
accompanied by a table that includes figures describing the range of values 
for the investment strategy. When investment strategies are displayed on 
the same graph, the visual presentation allows for quick comparison and 
rankings between the investment strategies on the sole basis of profitability. 
The more profitable the investment strategy, the further to the right the 
cumulative distribution curve is shifted on the graph. 
 
 
IV. Results 
 
The simulation model will be first utilized to confirm the bottlenecks 
identified in the capacity measurement analysis and rank the port 
components in terms of future long-term profitability potential. Investment 
strategies will then be selected based on the analysis of the port 
components. These investment strategies will be analyzed using the 
simulation model and sensitivity analysis. Finally, a comparison of the 
investment strategies in terms of profitability at the port system level is 
presented.  
 
1. Port System in its Current State 
 
The port system is evaluated at each port component based on its future 
long-term profitability potential. The port system is assumed to remain in 
its current state; in other words, the analysis assumes no changes to the 
port layout and rates, and no expansion is to occur for the foreseeable 
future. The analysis provides a ranking of the port components in terms of 
ENPV of EBITDA over the next 15 years at a discount rate of 10.5%. 
Results of the analysis are presented in Figure 1 and Table 3, which are 
based on the Mean Reversion Average Growth method. 
The analysis reveals that all the port components are expected to be 
profitable over the forecast period, with a minimum profit of USD 140 
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mill. generated by the break bulk terminal. Based on the ENPV shown in 
Table 3, the warehouse is the port component that is forecasted, by a 
wide-margin, to provide the greatest profit, followed by the container 
terminal, liquid terminal, dry bulk terminal, and lastly the break bulk 
terminal. 
 
<Figure 1> Cumulative distribution curves of NPV EBITDA all port components 
 
Source: Authors 
 
<Table 3> Each port contributor's net present value (in USD mill.)  
Metric Container Liquid Bulk Break Bulk Dry Bulk Warehouse 
ENPV 1,871 1,651 334 1,060 5,287 
10 percent value-at-risk 1,757 1,565 263 971 5,287 
90 percent value-at-risk 1,969 1,682 403 1,134 5,287 
Minimum result 1,546 1,144 140 870 5,143 
Maximum result 2,092 1,717 570 1,202 5,287 
Range of results 547 573 430 332 144 
Standard deviation 82 63 54 61 6 
Difference between 
median and ENPV 
8 25 0 7 1 
Source: Authors 
 
Based on the analysis of the port system in its current state, the results 
confirm that profitability is constrained at both the warehouse and the 
liquid bulk terminal. These two port components should be the focus of 
potential investment strategies. The present work focuses on the 
warehouse investment strategies due to the fact that based on the 
simualtion results the likelihood of a bottleneck occuring at the liquid bulk 
terminal is of 40%, whereas in the case of the warehouse is of 95% due to 
an expected increase in the demand for specialized storage of certain bulk 
Bo lenecks occur! 
• 95% chance at Warehouse 
• 40% chance at Liquid Bulk Terminal 
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cargo. In addition based on the available data the warehouse is the most 
profitable component of the port since it is three times more profitable 
than the liquid bulk terminal, based on ENPV. The investment strategies 
for the warehouse are explored next. 
 
2. Comparison of Warehouse Investment Strategies 
 
Having identified the warehouse as the most suitable port component 
for investment, the various investment strategies for the warehouse are 
studied. Three investment strategies for the warehouse are compared, as 
illustrated in Figure 3:  
xLeave the current single-level warehouse as is,  
xConstruct a new multi-level warehouse – without flexibility to 
expand by adding more levels at a future time – on the land 
currently occupied by the existing warehouse, and 
xConstruct a new multi-level warehouse – with flexibility to 
expand by adding more levels at a future time – on the land 
currently occupied by the existing warehouse.   
  
<Figure 2> Diagram of the 3 investment strategies for the warehouse 
 
Source: Authors 
 
The analysis indicates that of the three investment strategies for the 
warehouse, the strategy of constructing a new multi-level warehouse with 
flexibility to expand at a later time is the best option, followed by the 
strategy of constructing a new multi-level warehouse without flexibility. 
This ranking of strategies is based on a comparison of ENPV, P10 and P90 
value-at-risk, and minimum/maximum results in Table 4 for strategies 
initially built on the same scale (i.e, 4 levels).   
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<Table 4> Evaluating the profitability of the warehouse investment strategies (in USD mill.) 
Metric As Is Non-Flexible Expansion Flexible Expansion 
ENPV 5,287 8,810 9,015 
10 percent value at risk 5,287 7,849 7,732 
90 percent value at risk 5,287 9,372 10,094 
Minimum result 5,143 6,392 6,396 
Maximum result 5,287 9,637 11,428 
Range of results 144 3,245 5,032 
Standard deviation 6 622 888 
Difference between median and ENPV 1 203 79 
Source: Authors 
 
The difference between the ENPV of the flexible expansion strategy 
(not accounting for the cost of the flexible option) and the ENPV of the 
non-flexible expansion strategy is USD 205 mill., which is the value of the 
flexible option. Since the cost of the flexible option is equal to USD 24 
mill., equivalent to 5% of the initial capital expenditure, it makes sense to 
acquire the flexible option as the option’s value exceeds the option’s cost. 
Note that the range of profitability increases under the flexible expansion 
strategy compared with the non-flexible expansion strategy, but the vast 
majority of the increase in range is due to greater upside with the flexible 
option. As highlighted in Figure 3, a 55% probability exists that the 
flexible expansion strategy will provide higher profitability than the 
non-expansion strategy, and a 45% probability that the two strategies will 
provide roughly the same profitability.  
 
<Figure 3> CDC of NPV EBITDA for warehouse investment strategies 
 
Source: Authors 
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This analysis also examines sensitivity around the cost of the flexible 
option, as per Lin’s 2008 thesis, which applies de Neufville and Scholtes’s 
methodology to offshore petroleum projects (Lin, 2008, p. 220). Note that 
a new set of simulations are run for the sensitivity analysis, the 
comparison is between strategies initially built on the same scale, and the 
forecast method used is Mean Reversion Average Growth. As shown in 
Table 5, the sensitivity analysis finds that the flexible option could cost up 
to 45% of the initial capital expenditure of the new warehouse and the 
flexible expansion strategy would still outperform the non-flexible 
expansion strategy, in terms of ENPV. Also notable, once the option cost 
exceeds 5% of the initial capital expenditure, the minimum result for the 
flexible expansion strategy underperforms the non-flexible expansion 
strategy. Further, the upside potential profitability for the flexible 
expansion strategy is substantially higher than for the non-flexible 
expansion strategy, as per the minimum result. Therefore, although ENPV 
for the flexible expansion strategy will outperform the non-flexible 
expansion strategy up to an option cost of 45% and will have greater 
upside profit potential, after the option cost rises above 5% the strategy 
also comes with greater downside risk. 
 
<Table 5> Sensitivity analysis around the cost of the flexible option (in USD mill) 
Cost of 
Option  
(% of Initial 
Capex) 
New Warehouse with Flexibility New 
Warehouse 
without 
Felxibility 
Current 
warehouse 
0% 5% 10% 20% 30% 40% 50% 
ENPV 9,040 9,016 8,992 8,943 8,895 8,846 8,798 8,810 5,287 
Min Result 6,051 6,027 6,003 5,954 5,906 5,857 5,809 6,019 5,151 
Max Result 11,340 11,316 11,292 11,243 11,195 11,146 11,098 9,666 5,287 
Source: Authors 
 
Analysis up to this point has compared investment strategies built on 
the same scale, however, a comparison should also be made between “best 
alternatives” (de Neufville and Scholtes, 2011, p. 56). Best alternatives for 
a 3 level flexible warehouse may not only be a 3 level non-flexible 
warehouse, but it may also be a 4 level non-flexible warehouse depending 
on future demand expectations. Table 6 summarizes the scale and 
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profitability of competing investment strategies. Contrary to previous 
results, Table 6 indicates that a non-flexible 5 level warehouse is the most 
suitable investment strategy based on ENPV and value-at-risk metrics, 
outperforming a comparable 4 level flexible warehouse. However, the 
investor may consider the higher upfront capital expenditure, the useful 
life time horizon of the asset, and the lack of flexibility with the 5 level 
warehouse strategy before making a final investment-decision.  
 
<Table 6> A comparison of flexible expansion strategies and non-flexible expansion 
strategies for the warehouse (in USD mill.) 
No. of Levels Initial CAPEX* ENPV 10% VaR 90% VaR 
4 485 8,791 7,774 9,399 
5 635 9,120 7,742 10,238 
6 799 9,033 7,529 10,210 
7 981 8,826 7,216 10,136 
3, Flexible 366 8,836 7,477 9,879 
4, Flexible 509 9,030 7,711 10,033 
5, Flexible 666 9,016 7,777 10,034 
 x Includes the cost of the flexible option  
x VaR = Value at Risk 
Source: Authors 
 
 
V. Conclusion 
 
The motive behind this present research is to address a gap in the 
maritime literature, which relates to the evaluation of port investment 
projects. Most works that were identified use traditional financial tools or 
are associated to efforts, which provide information on the type of 
investments that have taken place in a maritime market or sector.  
A modified version of the methodology used for the evaluation of 
investments by de Neufville and Scholtes (2011) which focuses on the 
evaluation of investment strategies under uncertainty has been used. Based 
on the simulation results, which also confirmed the findings under the port 
capacity measurement methodology, the warehouse was selected as the 
constrained port component for which potential investment strategies 
would be evaluated under uncertainty. Three potential investment 
strategies were selected: the warehouse in its current state, a new 
multi-level warehouse without flexibility for future expansion, and a new 
multi-level warehouse with flexibility for future expansion. The 
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profitability metrics highlighted that the investment strategy for a new 4 
level warehouse with a flexible option was the optimal choice when 
compared with strategies of similar scale (i.e., number of levels). However, 
when the investment strategy for a 4 level warehouse with a flexible 
option was compared with its best alternatives (i.e., comparable strategies, 
but not on the same scale), the optimal investment strategy was actually 
for a non-flexible 5 level warehouse.   
Based on the research, both existing methodologies were successfully 
modified and applied to determine the optimal investment strategy. The 
finding that a non-flexible investment strategy was the best choice does 
not contradict de Neufville and Scholtes’s assertion for flexibility in 
engineering design, as de Neufville and Scholtes indicate that investment 
strategies with flexible options can often – not always – increase value 
compared with non-flexible strategies under uncertainty (de Neufville and 
Scholtes, 2011, p. 39). In addition, the results of the data analysis in this 
paper are in line with the statement that “flexible designs often cost less 
than inflexible designs” (de Neufville and Scholtes, 2011, p. 57).   
This research improves upon de Neufville and Scholte’s methodology 
by extending its application to port infrastructure for the first time, 
modifying the original model to allow for multiple uncertainties and 
infrastructure types to be evaluated concurrently, and, of greatest 
significance, incorporating the methodology within a larger framework 
(i.e., in combination with the port capacity measurement methodology) 
that provides users with a novel, practical investment tool for port 
infrastructure investment decision-making.       
Future research may focus on further testing the methodology and 
extending its application, which may provide empirical evidence 
supporting refinement of the methodology and allow for additional 
feedback from practitioners to improve the framework’s usefulness. The 
methodology may be tested and revised by applying on a greater sample 
size, as this paper utilizes a single case study port. The methodology may 
also be extended to port components and terminal types not available at 
the case study port. For example, port components to be introduced may 
include port terminal gates or rail yards, while terminal types may include 
ro-ro (i.e., rolling-on, rolling-off), cruise, or passenger ferry terminals.  
Furthermore, investment strategies beyond a multi-level warehouse, such 
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as the construction of inland dry container port with flexible options for 
example, or alternative uncertainties may be investigated. Finally, the 
present study makes the assumption that the useful life of an investemnt (a 
warehouse in this case) is equivalent to the forested period. Exploring the 
financial implications of extending the forecasting period of the 
investment or using subsidies as is the case in many projects of this type 
would be of significant research interest.* 
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